Abstract. Particulate amines play an important role for the particle acidity and 43 hygroscopicity and also contribute to secondary organic aerosol mass. We investigated 44 the sources and mixing states of particulate amines using a single-particle aerosol 45 mass spectrometer (SPAMS) during summer and winter 2014 at a rural site in the 46 Pearl River Delta, China. Amine-containing particles accounted for 11.1 % and 9.4 % 47 of the total detected individual particles in summer and winter, respectively. Although 48 the increase of amine-containing particle counts mostly occurred at night, no obvious 49 correlations between amine-containing particles and ambient relative humidity (RH) 50 were found during the sampling period. Among the three markers we considered, the 51 most abundant amine marker was 74 values showed no seasonal change in summer (11 ± 4) and winter (10 ± 2), which 79 suggests that amines could be a buffer for the particle acidity of ammonium-poor 80 particles.
aerosols have been studied extensively in a variety of environments, and LMW 106 aliphatic amines account for 2-12 % of organic mass (Day et al., 2009; Gilardoni et al., 107 2009; Liu et al., 2009; Russell et al., 2009; Williams et al., 2010) . In recent years, 108 real-time single particle mass spectrometry has been used to measure the size and 2008; Silva et al., 2008; Pratt et al., 2009; Huang et al., 2012; Qin et al., 2012; Zhang et 113 al., 2012; Gaston et al., 2013; Zauscher et al., 2013) . Pratt et al. (2009) studied seasonal 114 differences in aminium and ammonium salts on a single-particle basis using an 115 aerosol time-of-flight mass spectrometer (ATOFMS) coupled with a thermodenuder 116 and reported that the gas-to-particle partitioning of amines is dependent on particle 117 acidity. Healy et al. (2015) investigated the temporal distributions of alkylamines at 118 five European sites, and found that alkylamines were internally mixed with both 119 sulfate and nitrate, which suggests that the formation of aminium salts was important 120 at all sites. Zauscher et al. (2013) phase should be studied comprehensively through field measurements.
140
The aim of this study was to investigate the mixing state of a series of LMW 141 aliphatic amines with sulfate, nitrate, and ammonium in individual particles using a 142 single-particle aerosol mass spectrometer (SPAMS) at a rural site in the Pearl River 143 Delta, China. In order to explore amine origins and gas-to-particle partitioning 144 processes, amine-containing particles from both summer and winter were classified 145 into three types based on mass spectral patterns. The aminium sulfate and nitrate salt 146 formation processes and internal mixing state with ammonium were used to deduce 147 the relationship between amines and ammonium in the particle phase and the 148 influence of amines on particle acidity. introduced to the SPAMS through a 2.5 m copper tube and a silica gel drier. SPAMS
SPAMS

164
SPAMS was designed by the Guangzhou Hexin Analytical Company based on 165 preexisting ATOFMS principles (Prather et al., 1994; Noble and Prather, 1996) . The 166 setup and design of the SPAMS has been detailed previously (Li et al., 2011 analysis (Healy et al., 2012) . Based on previous studies using ATOFMS and SPAMS 191 instruments (Angelino et al., 2001; Huang et al., 2012; Qin et al., 2012; Zhang et al., 192 2012; Gaston et al., 2013; Zauscher et al., 2013; Healy et al., 2015) the sampling site is only 40 km and 56 km from these cities, respectively ( Figure S1 ).
237
Besides, the stagnant meteorological conditions associated with Cluster 4 also 238 facilitated the partitioning of amines from gas to particle phase in winter.
239
The amine-containing particle count observed in summer (57452) was lower than 240 it observed in winter (68026), but the abundance of amine-containing particles 241 relative to the total particle count was higher in summer (11.1%) than in winter (9.4%). High counts of amine-containing particles that extended in a few days were found 247 from 22 to 24 July (in summer) and from 5 to 8 February (in winter). Among the three 248 markers we considered, the most abundant amine marker was 74 (C 2 H 5 ) 2 NH 2 + , which 9 was detected in 90% and 86% of amine-containing particles in summer and winter 250 ( July in summer were possibly due to the emission sources of trimethylamine (TMA).
258
The diurnal patterns of amine-containing particles are investigated in summer 
Characteristics of amine-containing particles
276
The average mass spectra of amine-containing particles in summer and winter 277 are shown in Figure 4 . The amine-containing particles were characterized by high exchange reactions in acidic particles in summer.
387
As strong bases, the presence of amines could have an impact on the particle 388 acidity. After including amines along with the ammonium in the relative acidity ratio 389 calculation, the new R a ' values (redefined as the ratio of the sum of the sulfate and 390 nitrate peak areas to the sum of the ammonium and amine peak areas) decrease to 11 391 ± 4 and 10 ± 2 in summer and winter, respectively, which are 30 and 3 times lower 392 than R a values. R a ' showed no obvious seasonal change of particle acidity, which 393 suggests that amines could be a buffer for the particle acidity of ammonium-poor 394 particles, implying that it is reasonable to consider amines to calculate particle acidity ammonium-containing particles in summer (3.6%) than it in winter (32.6%), the 418 relatively ammonium-poor state of amine-containing particles in summer may be due 419 to the lower abundance of ammonia/ammonium in gas and particle phase. Besides, 8% 420 of amine-containing particles contained ammonium while 25% of 421 ammonium-containing particles contained amines in summer, suggesting a possible 422 contribution of ammonium-amine exchange reactions to the low abundance of 423 ammonium in amine-containing particles at high ambient RH (72 ± 13 %) in summer.
424
In addition, the presence of aminium salts affects the water activities and osmotic 425 coefficients of aqueous solutions, which may influence the calculation of pH using 426 aerosol thermodynamic models (Sauerwein et al., 2015) . Furthermore, it should be 427 noted that the measured pH of bulk ambient aerosols may not be representative of the 428 actual single particle acidity. As pointed out in Pratt et al. (2009) Table 2 . Seasonal distributions of amine-containing particles and three major amine 720 markers in summer and winter in the PRD, China.
721 722 Table 3 . The abundances of ammonium-, nitrate-and sulfate-containing amine 723 particles in total amine-containing particles. ratio (R a ), which was calculated as the ratio of the total sulfate and nitrate peak areas 884 to the ammonium peak area, is plotted as log(R a ). 
